Abstract 28
Traditional and novel approaches for the calculation of the heat treatment efficiency are 29 compared in this work. The Mild Heat value (MH-value), an alternative approach to the 30 commonly used sterilisation, pasteurisation and cook value (F, P, C-value), is calculated 31 to estimate the efficiency of a mild heat process. MH-value is the time needed to achieve 32 a predefined microbial reduction at a reference temperature and a known thermal resistant 33 constant, z, for log-linear or specific types of non log-linear microbial inactivation 34
kinetics. An illustrative example is given in which microbial inactivation data of Listeria When microbial inactivation processes are described as log-linear, a linear relationship 60 between the logarithm of the microbial population level (in absolute value or relative to 61 the initial value) and the treatment time are considered. If log-linearity is indeed being 62 observed, the thermal death time, F-value is used as a basis for comparing heat 63 sterilisation procedures. The F-value (Eq. (1)) (Ball, 1923 ) is defined as the time required 64 in order to achieve a specific reduction in microbial numbers at a given temperature and it 65 thus represents the total time-temperature combination received by a food. Similarly, the 66 P-value and the C-value are the corresponding thermal death value under pasteurisation 67 and cooking conditions, respectively (Pittia, Despite the world-wide use of this approach especially in the canning industry for the so-72 called '12D process' of the proteolytic strains (Group I) of Clostridium botulinum spores 73 (Stumbo, 1965; ICMSF, 1996) , a lot of deviations from log-linearity have been observed 74 (e.g., Corradini, Normand and Peleg (2005) ). As other authors acknowledge, the success 75 of the canning industry in using the F-value as a measure of the heat processes efficacy 76 could be attributed to over-processing and not to the calculation method's correctness 77 (Corradini, Normand & Peleg, 2006) . These deviations are evident particularly at lower 78 temperatures than the sterilisation ones, and for vegetative cells (Valdramidis, Geeraerd, A sound set of differential equations, which is a sub-case of Eq. (2), and describes the 137 microbial inactivation kinetics by incorporating physiological adjustments during the 138 microbial inactivation experiments is the dynamic, non-log-linear model of (Geeraerd et 139 al., 2000) . This model is constructed for microbial inactivation by mild heating. 140 
Results & Discussion 231
Defining the MH-value 232 233
MH-value was defined as the time needed to achieve a predefined microbial reduction at 234 a reference temperature and a known thermal resistant constant, z, when microbial 235 inactivation kinetics is not linear. Mathematically, this expression can be calculated by 236 deriving the achieved microbial reduction at given temperature conditions. So if the non-237 log-linear microbial kinetics are described by the (Geeraerd et al. 
Microbial parameter identification 263 264
A so called global identification making use of all static experiments (presented in Figure  265 1) in one step was implemented. Parameters estimated taking into account the non-266 linearities are presented in Table 1 . In the case that shoulder and tailing effects were not 267 considered, Eq. (3) reduces to the classical first order inactivation model. Similarly the 268 inactivation parameters were estimated for that case study and the results are illustrated in 269 Table 2 . As expected, when assuming first order inactivation kinetics only for the log-270 linear portion of the inactivation kinetics the estimated microbial parameters i.e., 271
AsymD 62 , z, coincide with those estimated during the non-log-linear regression analysis 272 (Table 3) 2002)). Observe that the derivation of MH-value (or the so called equivalent holding 296 time, t eq ) when considering log-linear inactivation were calculated by omitting the factor 297 which describes the physiological state of the cells in Eq. (9). Given that non-log-linearity 298 describes more accurately than log-linearity the static microbial inactivation data and 299 considering that the t eq from the non-log-linear inactivation kinetics is the true one some 300 observations can be drawn from the results presented in Figure 3 . On one hand when 301 assuming log-linear kinetics at the examined temperature range, i.e. case (iii), an over-302 processing treatment seems to happen which is more evident when targeting a 4 log 303 reduction. On the other hand when considering log-linear inactivation kinetics only for 304 the log-linear portion of the data, an under-processing effect is quite pronounced. These 305 results highlight that process efficiency can be wrongly calculated if assuming log-306 linearity for non-log-linear inactivation data. It should be noted that similar over-307 processing effect in case of log-linear inactivation kinetics at sterilisation temperatures 308 for microbial spores were observed by Corradini et al., (2006) . In this study it appears 309 that the different types of log-linearity as well as the temperature range tested are both 310 influencing the estimated MH values. Inactivation temperature levels higher than 57 o C 311 are expected to result in an interchange of the over-and under-processing regions (as the 312 lines depicted in Figure 3 are not parallel) while at much higher temperatures the 313 shoulder and tailing effects are less evident. 314
The MH-value can be written in a more general form as follows (from Eqs (2), (7) developed MH-value then it can be seen that the parameters of the classical Bigelow 327 approach are retained in the current approach while the observed non-log-linearity, i.e., 328
shoulder, tailing effects are described by additional factors. Particularly, the non-log-329 linearity effect in those studies is described by the parameters δ and p and b and n, 330 respectively, which do not discriminate between log-linear and non-log-linear parts of the 331 inactivation kinetics. The advantage of the current approach is that the additional 332 parameters can be interpreted independently and Eq. (11) can be further specified 333 depending on the case-study at hand, for example, when more (environmental or 334 physiological) factors are considered. 0.32 ± 0.01 9.02 ± 0.24 1.14 ± 0.23 log N(0) 58 [-] 8.99 ± 0.14 log N(0) 60 [-] 8.77 ± 0.14 log N(0) 63 [-] 9.01 ± 0.14 log N(0) 66 [-] 9.05 ± 0.16
2.89 ± 0.25
3.59 ± 0.14 logN res63 [-] 2.77 ± 0.29 linearity for all data), (∆: considering log-linearity when taking the log-linear portion of 532 the data), (x: considering non-log-linearity) when targeting at 4 log (top Figure) and 6 log 533 reduction (bottom Figure) of L. innocua. Lines represent linear regression of the obtained 534 data points (i) (considering non-log-linearity), continuous line, case (ii) (considering log-535 linearity when taking the log-linear portion of the data), dotted line, case (iii) (considering 536 log-linearity for all data), dashed line, respectively. 537 538
